

















“hierarchical	 relationship	 among	 hypothesis,	 theory	 and	 law”,	 “definition	 of	 science”	 and“	



















microbial	 diseases.	 Reflection	 of	 the	 results	 and	 advances	 provided	 by	 these	 studies	 became	











phenomena,	 seeking	 valid	 information	 about	 biology	 and	 being	 aware	 of	 knowledge	 sources	
about	biology	(Klymkowsky,	Garwin-Doxas	and	Zeilik,	2003;	Uno	and	Bybee,	1994;	Damastesand	
Wandersee,	 1992).	One	 of	 the	most	 important	 aspects	 of	 biological	 literacy	 includes	 teaching	

















































Learning	 about	 biology	 as	 a	 scientific	 discipline	 is	 dependent	 on	 the	 quality	 of	 biology	
education.	Biology	teacher	education	and	the	following	graduate	programs	are	the	basic	levels	
for	developing	quality	 in	biology	education.	 Secondary	 science	 teacher	 education	and	 related	






and	 their	 natural	 identity.	 Therefore,	 undergraduate	 and	 graduate	 years	 in	 biology	 teaching	
profession	are	the	most	basic	period	to	improve	biology	education.
The	 education	 of	 secondary	 level	 biology	 teachers	 includes	 both	 biology	 courses	 and	
applications	 of	 biology	 content	 knowledge	 and	 the	 courses	 for	 biology	 teaching.	 After	 the	





















Aspects of Life Explanation for Importance of Nature of Science
Utilitarian	 Understanding	nature	of	science	is	necessary	to	manage	the	technology	and	processes	in	daily	life.	
Democratic Understanding	nature	of	 science	 is	 important	 in	 informed	decision-making	on	socio-scientific	issues.
Cultural Knowing	about	nature	of	science	is	a	need	to	appreciate	the	science	as	a	product	of	contemporary	human	culture
Moral	
Understanding	 nature	 of	 science	 helps	 development	 of	 an	
understanding	the	norms	of	scientific	community	that	includes	moral	
commitments	that	are	important	for	society.		
Science	Learning Knowing	 about	 nature	 of	 science	 facilitates	 the	 learning	 of	 science	subject	matter
Note:	The	table	was	structured	by	considering	Lederman	(2007).	
Parallel	 to	 the	 importance	 of	NOS	 for	 biological	 literacy,	 ideas	 of	 graduate-level	 biology	
education	students	on	the	NOS	aspects	are	the	most	determinative	factors	of	their	scientific	literacy	
levels.	Biologically	literate	graduate	students	might	make	informed	decisions	about	teaching	and	
learning	 on	 biology,	 evaluate	 claims	 and	 explanations	 of	 biology,	manage	 scientific	 problems	
in	daily	 life	 and	use	 scientific	knowledge	 to	produce	useful	means.	 In	 spite	 of	 importance	of	
NOS	knowledge	in	graduate-level	education,	the	limited	number	of	educational	studies	showed	
existence	of	some	misunderstandings	of	science	teacher	educators	and	graduate	students	even	
if	 they	 completed	 their	 graduate-level	 courses	 and	 theses	 or	 dissertations	 (Chang,	 1995;	 Irez,	
2006).	 Similar	 to	 science	 teacher	 educators	 and	 graduate	 students,	 prospective	 teachers	were	
also	 showed	 to	have	misunderstandings	about	 the	NOS	aspects	 (Blanco	and	Niaz,	 1997).	The	
similar	misunderstandings	of	prospective	teachers	and	teacher	educators	or	graduate	students	





Biology	 lessons	 are	 taken	 from	 beginning	 of	 high	 school	 to	 graduate	 level	 under	 the	
title	 of	 biology.	 Biology	 courses	 provide	 fruitful	 contexts	 for	 teaching	 the	 aspects	 of	NOS	 by	
providing	examples	of	biology	as	scientific	discipline.	The	discussion	on	the	variation	of	NOS	
understandings	 as	 products	 of	 epistemological	 beliefs	 across	 scientific	 disciplines	 including	
biology	is	still	waiting	for	consensus	and	support.	Schwartz	and	Lederman	(2008)	found	that	the	
NOS	views	of	scientists	from	different	disciplines	did	not	differentiate	with	scientific	context.	In	
contrast,	Paulsen	and	Wells	 (1998)	 found	 that	epistemological	beliefs	of	 college	students	were	
related	to	disciplinary	context.	Moreover,	Jehng	et	al.	(1993)	found	that	graduate	students	had	
more	sophisticated	ideas	on	tentativeness	of	scientific	knowledge	than	the	lower	grade	students.	
As	 another	 interesting	 factor,	 Paulsen	 and	Wells	 (1998)	 found	 that	 age	 	was	 also	 contributor	
of	 difference	 in	 epistemological	 understandings.	 The	 authors	 stated	 that	 the	more	people	 are	




older	 university	 students.	All	 of	 these	 studies	 indicated	 the	 effect	 of	 contextual	 and	personal	
characteristics	on	differences	in	epistemological	understandings	and	understandings	about	NOS	
aspects	vary	toward	graduate	level	education.	Specifically,	it	is	assumed	that	variation	increases	
due	 to	more	 focused	and	narrower	 specialization	 experiences.	The	most	 important	difference	







tentativeness,	 importance	of	creativity	and	socio-cultural	factors	 in	science.	 In	the	 literature	of	
NOS,	there	is	no	enough	study	focusing	on	a	specific	discipline	with	the	participants	at	the	level	
of	 graduate	 education.	 In	 graduate	 level	 programs,	 students	might	 develop	more	 permanent	
and	effective	understandings	about	 the	NOS	aspects,	 so	 there	 is	 a	need	 to	 conduct	 studies	 to	











might	 provide	 clearer	 picture	 to	 determine	 discipline-dependent	 NOS	 understandings.	 So,	
“questionnaire	of	definitions”	structured	by	using	word	association	technique	might	be	useful	





















a. If you believe that science reflects social and cultural values,	explain	why	and	how.	Defend	
your	answer	with	examples.
























mentioned	 that	 he	 reads	 books	 on	 the	 issues	 of	 popular	 science,	world	 classics,	 history,	 and	























Participants BE1 BE2 BE3 BE4
Age 25 25 27 25












No No No No
Process
In	 the	 study,	 data	 gathering	 process	 had	 four	main	 stages.	 These	 are	 “word	 association	
application”,	 “construction	 of	 questionnaire	 of	 definitions”,	 “application	 of	 questionnaire	 of	
definitions”	and	“VNOS-C	application”.	The	word	association	technique	is	one	of	the	most	useful	
tools	 for	getting	knowledge	about	words	 stored	 in	 short-term	memory.	For	word	association,	
8	concepts	about	the	aspects	of	nature	of	science	were	determined	by	investigating	three	high	














were	 asked	 to	 write	 down	 definitions	 of	 “biology”,	 “science”,	 “scientist”,	 “experiment”,	
“hypothesis”,	“theory”	and	“law”	by	using	the	common	words	in	their	definitions.	But,	the	two	





































































































































































Similar	 to	BE-3,	BE-4	 stated	 that	 “biology	 is	 the	 branch	 of	 science	which	 investigates	 livings.	 If	 the	






the	 given	words?”	more	 complicated.	 They	 used	 processes	 of	 science,	 some	 terms	 related	 to	
technology	and	nature	in	their	definitions.
For	 the	 definition	 of	 science,	 the	 participant	 BE-1	 described	 science	 as	 “the	 process	 of	
explanation	of	natural	phenomena	by	need	or	 inquiry	and	with	using	previous	knowledge	(literature)”.	
In	 a	 different	 approach,	 BE-3	 stated	 that	 science	 is	 “knowledge	which	 is	 obtained	 by	 observation,	











































Adventurer,	 Quick,	 Free,	 Rebel,	
Money-focused
BE-2 Investigative,	 Intelligent,	 Skeptical,	Adventurer,	Hard-worker
Struggling,	 Searching,	 Money-lover,	
Rebel,	Expert
BE-3 Curious,	 Broad	 minded,	 Questioning,	Observer,	Investigative
Quick,	 Expert,	 Adventurer,	 Rebel,	
Money-lover
BE-4 Un-dogmatic,	 Objective,	 Hard-worker,	Resolute,	Not	subjective	
Expert,	Intelligent,	Adventurer,	Rebel	
and	Money-lover








respiration,	 livings	 produce	 carbon	 dioxide	 that	 has	 acidic	 characteristic”.	 Similarly,	 BE-4	 described	






given	words?,	 and	give	an	example	 to	“theory”	and	explain	 it”	were	also	varied.	BE-1	 stated	
important	points	by	giving	many	examples.	He	explained	that	“hypotheses	that	are	corrected	always	





as	 an	 example.	As	 the	 last	participant,	BE-2	defined	 it	 as	 “acceptable	 and	uncertain	 assumptions	
scientists	reached	about	a	scientific	problem	after	their	experiments,	investigations	and	observations”.	His	
examples	were	“evolution	theory”	and	“cell	theory”.
The	 definitions	 about	 “law”	 have	many	 important	 characteristics	 to	 see	 epistemological	
position	of	 the	participants.	BE-1	described	“law”	by	using	 the	 following	sentence;	“if	 theories	
























BE-2	 used	 an	 example	 to	 explain	 relationship	 he	 considered.	 He	 stated	 that	 “there is a 

















































For	explanations	about	dinosaurs,	BE-1	wrote	 that	“dinosaurs	are	un-testable	 results	 found	by	
logical	thinking	with	available	evidences.	One	of	these	results	may	be	correct	or	both	of	them	may	be	correct”.	
In	a	similar	vein,	his	answer	to	the	question	about	society,	culture	and	sciences	showed	that	“science 















a	way	 of	 knowing	 and	 it	 is	 based	 on	 observation	 and	 evidence	 (McComas,	 1998,	 Lederman,	















any	unit	 for	 this	 aspect.	As	 another	point,	 for	 the	 characteristics	 of	 scientists,	understandings	
of	participants	showed	important	misunderstandings.	The	participants	stated	the	characteristics	






by	 the	participants.	The	participants,	 in	 their	definitions	of	 theory,	 law	and	hypothesis,	 stated	
that	 theory	 and	 hypothesis	 are	 changeable	 and	 temporary	while	 they	 claimed	 that	 laws	 are	
unchangeable	 and	 fixed.	 In	 answers	 to	VNOS-C,	 BE-1	 also	 emphasized	 unchangeable	 nature	
of	 laws	 and	 changeability	 of	 theories.	 Then,	 he	 indicated	 a	 hierarchical	 relationship	 between	
hypothesis,	 theory	 and	 law	 by	writing	 “If	 theories	 give	 the	 same	 right	 results	 at	 every	 time	 and	










and	cultural	embeddness	of	 science.	As	 found	 in	 this	 study,	 social	and	cultural	embeddednes	
aspect	 is	the	clearest	difference	between	the	different	disciplines.	This	aspect	might	effectively	
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be	used	 in	NOS	 studies.	 For	 example;	 other	 aspects	 of	NOS	 can	be	 studied	by	 incorporating	
them	into	example	social	and	cultural	cases	on	different	disciplines	 to	check	variability	of	 the	
understandings	of	the	graduate	students.









where	 the	difference	 lies.	At	 the	 same	 time,	 this	 aspect	 should	be	 thought	with	 tentativeness	
aspect	to	draw	more	comprehensive	conclusions.








and	 initiation	of	change	 in	mode	of	graduate	experiences	by	 focusing	more	epistemologically	





















of	 science:	 from	 “baconian	 inductive	 ascent”	 to	 the	 “irrelevance”	 of	 scientific	 laws.	
Instructional	Science,	25, 203–231.  
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